Introduction
The speciose genus Cynanchum L. has long been a "dustbin genus" for everything with a gynostegial, at least basally fused corona, C(is) sensu Liede & Kunze (1993) . In the New World, the concept of Cynanchum was particularly confused since Woodson (1941) united a whole range of genera under Cynanchum, based mainly on North American material. But unlike Asclepias L., New World Cynanchum was never homogeneous. Sundell (1981) revised the most distinct subgenus Mellichampia (A.Gray ex S. Watson) Sundell, characterized by comparatively large flowers and heart-shaped leaves with "stipules" (extremely reduced short shoots with a pair of smaller and sometimes differently shaped leaves). Analysis of New World and Old World members of Cynanchum L. using cpDNA spacers (Liede & Täu-ber in press) has shown that in the New World only subgen. Mellichampia is correctly associated with Cynanchum s. str., whereas all other former members of the genus belong to an unrelated, exclusively American group of genera. Liede & Täuber (in press) restricted subtribe Metastelminae Endl. ex Meisn. to the American genera, and resurrected subtribe Cynanchinae K.
Cynanchum and the Cynanchinae (Apocynaceae -Asclepiadoideae): a molecular, anatomical and latex triterpenoid study DNA extraction and PCR. DNA was isolated from fresh or dried leaf tissue according to Doyle & Doyle (1987) . PCR primers and protocol for the chloroplast DNA (cpDNA) trnT-L and trnL-F spacers and the trnL intron correspond to Taberlet et al. (1991) . cpDNA spacers of 19 species were sequenced for the present study, the remaining species have been used in previous studies of the senior author.
The entire internal transcribed spacer region (ITS) including 5.8S of ribosomal DNA (rDNA) was amplified using the flanking primers ITS4 and ITS5 following a modified protocol based on Baldwin (1992) described in . ITS sequences of 87 species were obtained for the present study, two sequences have been used in a previous study of the senior author.
Data analysis. cpDNA sequences were pre-aligned with Perkin Elmer Sequence Navigator Version 1.0.1, the alignment then adjusted manually. The alignment comprises 92 taxa and 2178 characters; 129 data cells and the whole trnT-L spacer of C. schistoglossum were unknown. In the trnL-F spacer, bp755-806 were excluded from all analyses, because alignment in this region is ambiguous.
Indels were coded as "missing characters"; parsimony informative indels were coded separately as present/absent following the "simple gap coding" method of Simmons & Ochoterena (2000) . Indels present or absent only in different accessions of the same species were not coded. Indels of doubtful homology (e.g., bp186-188, 186-189 in the trnT-L spacer of C. obtusifolium and C. madagascariense, respectively) were not coded, nor were indels caused by variable length of a chain of at least four repeats of the same base, because the length of these chains was found to vary even within the same species (Verhoeven et al. in press ). In total, 48 indels were coded, 32 in the trnT-L spacer, 9 in the trnL intron and 7 in the trnL-F spacer.
Sequences of rDNA were pre-aligned with Perkin Elmer Sequence Navigator Version 1.0.1, the alignment then adjusted manually. The alignment comprises 89 taxa and 827 characters, 27 data cells are unknown. Separate coding of indels was not conducted because of the heterogeneity of the dataset. All alignments are available from the senior author and can be viewed in TreeBase (Sanderson et al. 1994) : study accession number = S776, matrix accession numbers = M1230, M1231.
Sequence analysis, phylogenetic analysis and tests for clade support were performed using PAUP (Swofford 1998) , version 4.0b5 (PPC), on a MacIntosh G3 Powerbook.
Sequence divergence among taxa was calculated using the "Show Pairwise Distance" option for the trnT-L spacer, the trnL intron and the trnL-F spacer, as well as for 5.8s, ITS1 and ITS2 (excluding the end of 18s and the beginning of 26s). Beginning and end of ITS1 and ITS2 were determined by comparison with Asclepiadoideae sequences submitted to EMBL (AJ402152-AJ402162, .
As the dataset was too large for complete analysis, a search strategy in two steps was performed in all parsimony analyses in order to find as many tree islands as possible. First, starting trees were obtained (addition sequence random, 1000 replicates, TBR branch swapping, "MulTrees" off, "steepest descent" off). The resulting shortest starting trees were then subjected to TBR Org. Divers. Evol. (2002) 2, 239-269 branch swapping ("MulTrees" on) to the limit of computer capacity (between 30,000 and 40,000 trees). Internal support was assessed using 1000 bootstrap replicates with random addition of taxa (10 addition sequence replicates), with a limit of 10 trees kept at each step. Decay analyses were performed with AutoDecay 4.0 (Eriksson 1998) in combination with the reverse constraint option of PAUP*.
A partition homogeneity test (as implemented in PAUP, 1000 replicates) showed significant discordance between the cpDNA dataset and the rDNA dataset (p = 0.01), but if the partial cpDNA datasets were tested singly, no discordance was found (trnT-L spacer: p = 0.1, trnL intron: p = 0.99, trnL-F spacer: p = 0.59). With this result, the argument of Soltis et al. (2000) -that tests of incongruence are often too coarse and that the best way to detect true incongruence is to examine the internal support of nodes in separate and combined analysis -was followed, and a combination of the two datasets was analyzed. In addition, a Neighbor-Joining analysis of all sequence data (Saitou & Nei 1987) was conducted as well, employing Jukes-Cantor (Jukes & Cantor 1969 ) and Kimura 2-parameter (Kimura 1980) distance models.
Finally, data from the morphological analysis of African Cynanchum (Liede 1997a ) and the two molecular datasets were combined and analyzed, even though a partition homogeneity test showed highly significant discordance (p = 0.01) between the morphological data and both molecular datasets. Taxa for which either no molecular data or no detailed morphological data were available were omitted, as were double accessions of the same species, leaving 63 ingroup taxa. Liede (1997b) 
Results

DNA sequence analysis
Sequence characteristics for both datasets are summarized in Table 2 . Sequence divergences are higher in ITS1 with 0.0-19.4% than in ITS2 with 0.0-11.9%. In both cases, divergence between Glossonema boveanum and an American Cynanchum species (Metalepis albiflorum for ITS1, C. blandum for ITS2) is larger than between any ingroup taxon and the outgroup. For ITS1, the largest divergences are found between C. galgalense and Metalepis albiflora. For the cpDNA, the trnL intron has the lowest sequence divergence with 0.0-4.2% between ingroup taxa, and the trnL-T and trnL-F spacers are almost equally variable with 0.0-7.8 and 0.0-8.4%, respectively. Again, highest sequence divergence is not between any ingroup taxon and the outgroup, but between a New World and an Old World species: C. foetidum and C. acutum (trnT-L spacer), Metalepis albiflorum and Metaplexis japonica (trnL-F spacer), M. albiflorum and Glossonema boveanum (trnL intron). Pairs of the same species are identical in all regions studied in C. gerrardii and C. thesioides. Between the remaining species pairs, divergences of up to 1.2% occur in one or several regions.
Analysis of the cpDNA dataset without C. schistoglossum (268 parsimony informative characters) resulted in more than 40,000 trees (l = 484 steps, CI = 0.677, RI = 0.84, RC = 0.562; strict consensus see Fig. 1 ). Adding the separately coded indels (312 parsimony informative characters) resulted in more than 44,000 most parsimonious trees (l = 575 steps, CI = 0.649, RI = 0.828, RC = 0.537; strict consensus see Fig. 1 ).
Analysis of the rDNA dataset without C. ligulatum, C. chouxii and the second accession of C. galgalense (200 parsimony informative characters) resulted in more than 44,000 most parsimonious trees (l = 605 steps, CI = 0.514, RI = 0.774, RC = 0.40; strict consensus see Fig. 2 ) and retrieved largely the same main clades as the cpDNA dataset. However, the Malagasy clade is much better resolved, both for the leafy and the leafless taxa. The leafless taxa together with the stem-succulent but leafy C. pycnoneuroides form a reasonably well supported subclade of the Malagasy clade also including the leafless succulent taxa shared with mainland Africa (Sarcostemma and C. gerrardii) .
Analysis of the combined cpDNA-rDNA dataset did not change the well-supported clades of the single analyses. The combined analysis (505 parsimony informative characters) resulted in 2268 most parsimonious trees (l = 1175 steps, CI = 0.568, RI = 0.785, RC = 0.446; strict consensus tree see Fig. 3 ). Bootstrap values increased for all clades retrieved in the single analyses, lophorinae) in the Asclepiadeae (Liede 2001) , and that ITS sequences of Tylophora and Cynanchum cannot be aligned unambiguously (Liede et al. in press) . Therefore, Schizostephanus alatus was coded for morphological characters following Liede (1993b, as Cynanchum validum) . To the morphological dataset of 87 characters (multistate characters treated as polymorphisms), the parsimony informative sequence characters of two molecular datasets (145 for ITS and 114 for cpDNA) were added. In addition to a parsimony analysis of the three combined datasets, an analysis of the molecular data alone was performed with the reduced number of taxa, and morphological characters were plotted on the resulting tree using MacClade 4.0 (Maddison & Maddison 2000) .
Stem anatomy
Twenty-seven leafless, stem-succulent members of Cynanchum and related genera, three leafy Malagasy Cynanchum species, and a total of six non-succulent African, Asian and American species of Cynanchum s. l. were studied anatomically (Table 1 ). In addition, two American Funastrum E. Fourn. species, F. clausum Schltr. and F. pannosum Schltr., were studied. For the stem-succulent taxa, mature but not basal internodes were selected. Material was fixed in FAA, dehydrated via tertiary butanol, and embedded in paraffine. Sections were stained for 5 minutes each in 0.1% aqueous safranine and 0.5% Astra blue (Gerlach 1969) . Sections were washed, deparaffinated with Roticlear ® (Roth Chemicals), and coverslipped with Entellan ® . The data were tabulated and plotted onto the tree resulting from analysis of the combined molecular data using MacClade 4.0 (Maddison & Maddison 2000) for the taxa for which both datasets were available.
Latex triterpene analysis
Latex samples collected in the field were dried overnight in low heat on top of the plant dryer. Latex samples from cultivated plants were dried overnight at 60 ºC. All samples were analyzed for their acetone-extracted profile by Paul G. Mahlberg at Indiana University. The latex samples were redissolved in acetone and the supernatant analyzed for triterpenoid components by gas-liquid chromatography (Mahlberg et al. 1988 ). Analyses were performed on a Hewlett-Packard 5710 chromatograph equipped with a flame ionization detector and the oven programmed from 240-290 ºC at 4 ºC/min. Nitrogen was the carrier gas, 20 ml/min. Injection port and detector temperatures were 250 and 350 ºC, respectively. Columns contained 3% OV-1 on 100/120 mesh Supelcoport. Individual compounds were quantified on a Hewlett Packard 3380.
The two American sections -the North and Central American C. foetidum, C. laeve and C. racemosum (sect. Mellichampia) and the South American C. blandum, C. montevidense and C. roulinioides (sect. Roulinia) -together with Metalepis albiflorum form reasonably to well-supported clades in all analyses (Figs 1-3) . The Central American C. ligulatum, for which no ITS sequence was available, falls into its expected place with C. foetidum and C. racemosum in the cpDNA analysis (Fig. 1) . These two subclades form a well supported clade in the cpDNA and combined analyses (Figs 1, 3) , whereas they are unresolved with subclades of the Pentarrhinum-clade in the analysis resulting from ITS data. In the combined analysis, the Afro-Arabian Pentarrhinum-clade is sister to the American clade (Fig. 3) .
Most Asian taxa form a very well supported clade, including Metaplexis japonica (Figs 1-3) . Cynanchum ovalifolium, a widespread coastal Australasian species, joins this clade with low support in the ITS and the combined datasets (Figs 2, 3) ; the Neighbor-Joining analysis (Fig. 4) shows very long branches both for the core Asian taxa and for C. ovalifolium. The only available Australian species, C. floribundum, is even more weakly joint to the Asian clade in the ITS and combined analyses (Figs 2, 3) , but in the Neighbor-Joining analysis C. floribundum is next to the African C. falcatum. indicating higher congruency of the two datasets than the partition homogeneity test. The Madagascar clade is supported by 100% bootstrap value, and the succulent clade, including the succulent but linear-leafed C. pycnoneuroides, by 79% bootstrap support. Interestingly, the likewise stem-succulent but large-leaved C. pachycladon is now basal to the succulent clade s. str., though only with 68% bootstrap support. Clades retrieved in the rDNA dataset but not in the cpDNA dataset were largely preserved in the combined analysis, but equally unsupported; nevertheless, some basal resolution is apparent.
The results of the two separate Neighbor-Joining analyses based on Jukes-Cantor and Kimura 2-parameter distance models produced trees almost identical in topology (Fig. 4) , the only difference concerning the C. floribundum-C. falcatum branch, which is unresolved in the Kimura-2-parameter analysis but neighbor to the Pentarrhinum/Mellichampia/C. acutum branch following the Jukes-Cantor model. The Neighbor-Joining tree is highly congruent with the parsimony-based strict consensus phylogeny (Fig. 3) . It illustrates clearly the structure of Cynanchum with short distances between the groups and long distances between the taxa in a group in African, American and Asian taxa. The Malagasy taxa are separated by a comparatively long distance, but distances are very short within the Malagasy group, and even shorter within the group of succulent species. port for the other clades is either the same or worse than for the molecular data alone. In the molecularly unresolved stem-succulent C. arenarium-clade, morphological data strongly support respective sister group relationships between C. arenarium and C. hardyi, and C. crassipedicellatum and C. descoingsii.
Plotting of the morphological characters defined in Liede (1993b) on the strict consensus tree resulting from analysis of the combined molecular datasets shows that almost all characters used are homoplasious. Only thickwalled, ornamented fruits are restricted to Pentarrhinum (and Glossonema/Odontanthera, see Liede et al. 2002) , which forms a subclade of Cynanchum. Stem succulence (Fig. 6A) is almost restricted to the "stem-succulent" clade, which includes the linear-leafed C. pycnoneuroides. The large-leafed but succulent C. pachycladon is basal to this clade, though with low support. Outside this clade, weak stem succulence occurs only in C. phillipsonianum. Other characters, even conspicuous ones such as trichomes on the corolla, ligulate or constricted coronas, papillose connective appendages, etc., are found in several clades. Corona characters in particular are highly homoplasious, e.g. the degree of fusion of the gynostegial corona (Fig. 6B) . Except for the Malagasy C. erythranthum-clade, all clades have members with coronas fused to various degrees. In the stem-succulent clade, possession of warts and striation of the stems can be used as a rough indicator for relationship in the leafless taxa (Fig. 7) . All members of the C. arenarium polytomy (except for C. rauhianum) have warty stems, but the latter also occur in C. marnieranum (Fig. 7A) . The wartiness of C. pachycladon is a feature of its corky bark and probably not homologous to the wartiness of the green stems of the remaining taxa. Striation is characteristic of the most derived subclade of the stem-succulent clade, but C. compactum and C. marnieranum are exceptions (Fig. 7B) .
Stem anatomy
A total of 16 characters was studied (Table 3 ). All species follow the general pattern of Apocynaceae s.l., in which the pith is surrounded by an amphiAfrican Cynanchum fall into three main groups. Stable and well supported by both datasets is the C. clavidens-clade, comprising the widespread C. clavidens, the two Somalian twiners C. crassiantherae and C. rubricoronae, as well as the geophytic C. orangeanum and C. praecox. In the combined analysis (Fig. 3) , this clade is basal in Cynanchum.
The South African C. africanum, C. ellipticum, C. meyeri and C. natalitium, and the East African C. altiscandens form a weakly supported clade for both datasets (Figs 1-3) , but only the ITS dataset joins the South African C. obtusifolium without support (Fig. 2) , and the East African endemic C. rungweense is added only in the combined analysis (Fig. 3) . A tie to C. polyanthum is suggested by the Neighbor-Joining analysis (Fig. 4) , but not by parsimony analysis. The association of C. polyanthum with the Australian C. floribundum in the cpDNA dataset without indels is most likely an artefact caused by long-branch attraction.
The positions of the remaining species have less support. The Somalian C. galgalense shows no affinity to any clade in any dataset, even though a second specimen has been analyzed for cpDNA to ascertain the results obtained from the first specimen. The combined analysis (Fig. 3) suggests a clade of the remaining African Cynanchum species, but only the subclade of the West African C. adalinae and C. longipes is reasonably well supported. Very well supported by ITS data is the morphologically unsuspected sister species relationship between C. falcatum and C. schistoglossum (for which cpDNA data are incomplete). The members of this African clade -to which the type species of Cynanchum, the circum-Mediterranean C. acutum, belongs -all show very long branches (Fig. 4) .
Analysis of the combined morphological/molecular dataset (343 parsimony informative characters) results in 1232 most parsimonious trees (l = 1488 steps, CI = 0.337, RI = 0.587, RC = 0.198; strict consensus see Fig. 5 ). Homoplasy measures for the combined trees are considerably worse than for any of the molecular trees alone, but better than those found by Liede (1997a) The American Funastrum species differ from all other analyzed species by a division of the outer cortex into an inner part of more or less isodiametric parenchyma cells and surrounding, radially elongated palisade cells (Fig. 9B) . Special cells such as brachysclereids or single fibres are absent in Funastrum, but present in Sarcostemma; stomata are level with the surface in Funastrum, but sunken in Sarcostemma.
Plotting of the characters on the cladogram derived from DNA characters shows that of the characters used phloematic xylem. Adjacent to the outer phloem is a zone of sclerenchymatic fibres arranged either in a closed ring or in separate bundles with intermittent parenchyma. The cortex is formed by parenchymatic tissue. Usually, but not always, present are a hypodermis below the epidermis consisting of smaller cells of regular size, as well as a starch sheath on the inside of the cortex. Differences between species involve mainly specialized cells occurring in the pith or the cortex.
Org. Divers. Evol. (2002) rium and C. perrieri, which both show three peaks of approx. the same size at 14.8 min, 15.5 min and 16.3 min (Fig. 10F) . Cynanchum crassipedicellatum with an exceptionally large peak at 15.3 min and 19.3 min, Folotsia madagascariensis with two late peaks, and Karimbolea verrucosa with an exceptionally large peak at 19.3 min also differ slightly. All Sarcostemma speciesfrom Madagascar, mainland Africa or even India and Thailand -are remarkably uniform, except for S. vanlessenii for which the peak at 15.5 min is absent and the one at 19.3 min exceptionally large. Of the five leafy Malagasy species studied, C. pachycladon (Fig. 10D) shows the same peaks, but at different ratios, whereas C. papillatum (Fig. 10C ) displays a different pattern (Table 4 ). The two African species, C. africanum and Pentarrhinum insipidum (Fig. 10B) , show triterpenoid patterns different from each other and from the Malagasy species.
Discussion
The present results make a consistent treatment of Cynanchum L. difficult. The two extreme alternatives supported by the data and cladistic theory are either to recognize each clade as an independent genus, or to unite all clades to a very broadly circumscribed genus Cynanchum. As the first option would result in many small, morphologically poorly discernible genera, the second alternative is more practicable. On the other hand, this would mean that well established, easily recognizable the anatomical ones are no better indicators of relationship than are the morphological ones in succulent Cynanchum. Only a papillose epidermis coincides roughly with the main clades of succulent Cynanchum, but C. marnieranum with a smooth epidermis is found in the otherwise papillose clade, and C. hardyi with a papillose epidermis in the otherwise smooth clade. The two Folotsia species also differ in this character (Table 3) . Only the C. mahafalense/C. messeri clade, which is morphologically otherwise well supported, is uniquely characterized by both lignified cells and sclerenchyma in the pith. used latex triterpenoid patterns to show that Karimbolea constitutes a true member of Asclepiadeae despite the erect pollinia of K. verrucosa, the only Karimbolea species known at the time of that analysis. In the course of that analysis , the very different triterpenoid composition of Funastrum and Old World Sarcostemma (Fig. 10A , E) -then both included in Sarcostemma sensu Holm (1950) together with the striking uniformity of the stem-succulent Malagasy species with Sarcostemma s. str. (Fig. 10C, E ) -then belonging to five different genera -led to a discontinuation of the study. Almost all stem succulents show the same general triterpenoid pattern with four major peaks, the largest one at a retention time of 18 min (Fig. 10C) . A small fifth peak at 15.3 min is usually but not always present (Table 4) genera would have to be abandoned. Thus, the genera Glossonema, Odontanthera, Pentarrhinum, Metaplexis, Metalepis, Folotsia, Karimbolea, Platykeleba and Sarcostemma are all candidates for inclusion in a large Cynanchum. Some genera not analyzed here due to lack of material, e.g. the Asian Adelostemma Hook. f., might be likely candidates as well. However, especially for the Asian taxa and the American Metalepis, more species would need to be analyzed before such far-reaching conclusions can be drawn.
Triterpene analysis
Our results show that all leafless stem-succulent genera (Folotsia, Karimbolea, Platykeleba and Sarcostemma) are monophyletic with stem-succulent Cynanchum, and that this group is derived from the likewise monophyletic Malagasy subgroup of Cynanchum. Evidence comes from both a chloroplast and a nuclear molecular marker, as well as from stem anatomy and triterpenoid analysis. Therefore, these genera are included in Cynanchum here. While the former three genera are small and endemic to Madagascar, Sarcostemma comprises about 20 species even after the transfer of all American members to Funastrum, Philibertia Kunth and Tetraphysa Schltr. (Liede 1996b; Liede & Täuber 2000) . The necessary name changes on species level have already been made for the Malagasy representatives ), and will be made for African and Australasian Sarcostemma following species-level revision of the group (Liede et al., in prep.) . The hypothesis of Liede (1997a) and , that the colonization of mainland Africa by Cynanchum gerrardii and of the whole Old World Tropics by Sarcostemma originated in Madagascar, is supported independently by the cpDNA and the rDNA data. Both C. gerrardii and Sarcostemma are members of the succulent clade, which is nested in the well-supported clade of otherwise exclusively Malagasy species. The identity of all partial sequences for the African and Malagasy accessions of C. gerrardii points to a fairly recent event. In Sarcostemma, the identity of cpDNA sequences between S. viminale and the morphologically most distinctive S. pearsonii, along with only three base changes between the two species for ITS, also points to recent radiation and speciation of Sarcostemma on the African mainland. Preliminary RAPD data (Liede et al., unpubl.) agree with this conclusion. The short distances between the Malagasy species, in particular the stem-succulent ones, compared to the African species in both datasets (Fig. 4) also allows the speculation that the radiation of the Malagasy species is a fairly recent event, because it is unlikely that both ITS and cpDNA should undergo a parallel slowdown in modification rate in Madagascar.
The phylogeny resulting from the molecular data explains both the triterpenoid and the stem anatomical data. Both studies were begun in the early 1990s to clarify the phylogeny of stem-succulent Malagasy Cynanchum relatives, and were abandoned because of the then inexplicable similarity between then well-established genera on the one hand and the differences between species then believed to belong to one genus on the other hand (Sarcostemma sensu Holm; Liede 1996b , Liede & Täuber 2000 . In the triterpenoid dataset, C. arenarium and C. perrieri share an apomorphic pattern (Fig. 10F) , while all other stem-succulent species studied show slight variations of the basic pattern (Fig. 10E) . In the anatomical dataset, the four basic patterns described by Puech (1912) can be retrieved: the basic pattern without any noticeable specialisations (e.g., C. rauhianum , Fig. 8A) ; the "Sarcostemma" pattern with single sclerenchymatic fibres dispersed in the parenchyma of the cortex (Fig. 8C,  D) ; the C. gerrardii pattern with sclerenchymatic fibres in the pith; and, as a specialisation of the preceding one, the C. messeri-C. mahafalense pattern with the pith consisting almost exclusively of lignified cells and sclerenchymatic fibres (Fig. 8B) . However, only the C. messeri-C. mahafalense pattern coincides with a clade retrieved by molecular analysis. The two Malagasy leafy stem-succulent species share the basic anatomical pattern (Fig. 9A) . The large-leaved C. pachycladon is basal to the stem-succulent clade following ITS and combined data (Figs 2-4) , whereas the linear-leaved C. pycnoneuroides is an undisputed member of the stem-succulent clade, so that its leaves must be understood as a secondary development.
The leafy non-succulent Malagasy species fall in two unsupported clades. Well supported is the subclade C. erythranthum/C. sessiliflorum/C. papillatum/C. cucullatum. In this clade, the former three species have reddish flowers in which the gynostegium is entirely enclosed by the corolla throughout anthesis. C. sessiliflorum (and C. junciforme, which was not available for analysis) had been described under a different genus, Pycnoneurum, by Decaisne (1838) , but were transferred to Cynanchum by Liede (1993a) . The high support of the sister species pairs C. comorense/C. danguyanum and C. obovatum/ C. repandum is reflected in the morphological similarity of these species. It is surprising, though, that each of the two clades of leafy Malagasy species harbours a subclade with linear-leafed, tuberous species (C. angavokeliense, C. lineare, C. moramangense, and C. sessiliflorum, C. cucullatum, C. papillatum, respectively). Therefore, this conspicuous habit must have evolved more than once in Madagascar.
The present results indicate that the small Afro-Arabian genera Pentarrhinum, Glossonema and Odontanthera are monophyletic, and together form a subclade within Cynanchum, as Liede et al. (2002) have demonstrated. This clade is characterized by thick-walled, ornamented fruits. However, as no further morphological or chemical evidence could be found, name changes are left to a species-level revision of the group. lobes. The following, mostly southern African C. africanum-clade (C. altiscandens and C. rungweense are East African species) is moderately supported, at least for the core species. Morphologically it is characterized by at the most shallowly cordate leaf bases and a highly fused corona (with the exception of C. meyeri, a shrubby Namibian endemic). The third clade, the C. adalinae-clade, comprises the large African twiners with normally deeply cordate leaf bases. However, C. falcatum and C. schistoglossum have much less pronouncedly cordate leaf bases. This clade is split into a West and an East African subclade (Fig. 3) . Most members of this clade are unresolved in the cpDNA analysis, and only the C. longipes -C. adalinae sister species relationship is well supported. Corona shape is highly diverse in this clade, normally the staminal lobes are longer than the interstaminal ones, and ligules are present in some species (C. abyssinicum). This clade combines with the Asian, the American and the Pentarrhinum-clade to form a subclade of Cynanchum in sister-group position to the Malagasy subclade (Fig. 3 ). All these clades are constant and some even well supported, but basal resolution is unsupported. This pattern of speciation, in which several clades can be distinguished but no or unsupported basal resolution is found between them, seems to be rather frequent in Asclepiadoideae, as a similar situation has been encountered in Tylophora (Liede et al. in press) and in the stapeliads (Meve & Liede in press) . One might speculate that a rather old group of taxa has undergone geographic isolation and is now evolving in different parts of the world at different speeds and reacting to different selection pressures, while at the same time hardly changed members of the genus are still extant in Africa, the center of origin of Asclepiadoideae (Kunze et al. 1994 The Asian members of subgen. Rhodostegiella (C. auriculatum and C. thesioides) form a clade together with Metaplexis, indicating that Metaplexis should be included in Cynanchum as well. Again, evidence is not considered sufficient to execute the necessary name changes. Affinities of subgen. Rhodostegiella, the remaining Asian species (e.g. C. ovalifolium) and the seven true Australian Cynanchum species (Forster 1991 , Liede 1996a , of which only C. floribundum was available for the present study, need to be studied further as the ITS data (Fig. 2) indicate that these species might form a monophyletic subclade of Cynanchum.
Likewise, Metalepis albiflora is member of the American subgen. Mellichampia following both molecular datasets. Again, only one species of the genus could be analyzed and there is no additional chemical or morphological evidence, so that no name changes are made here. The distances between the American species are as long as between the members of the C. acutum group and the Pentarrhinum group (Fig. 4) , and hint at an old event.
The exclusion of the Somalian C. galgalense from Cynanchum by both molecular datasets (Figs 1-4) is surprising considering its morphological characters (Liede 1993b ). The only character unusual for Cynanchum concerns its long, bostrychoid, persistent inflorescences. Unfortunately, its latex color is still unknown. The highly fused corona of C. galgalense does not indicate a relationship to C. obtusifolium or another member of the C. africanum clade as suggested by Liede (1993b) , but must be interpreted as parallelism. An attempt to align the cpDNA sequences of the two C. galgalense accessions to other published datasets (Liede 2001; Liede & Täuber in press) showed that the species occupies an isolated position in the Asclepiadeae and is not a member of any of the circumscribed subtribes (Liede, unpubl.) .
The African Cynanchum species fall into three clades. The problem that a morphological synapomorphy, or at least a unique character combination, could not be found even for well-supported clades is a frequent phenomenon in Asclepiadoideae (e.g., Liede 2001) . In this subfamily, reticulate evolution and parallelisms are the normal condition and not the exception, both within and between genera (Liede & Täuber 2000; . The basal, predominantly East African/Somalian C. clavidens-clade is well supported. Morphologically, it consists of two subclades. The first comprises the rhizomataceous C. orangeanum and C. praecox, with linear and elliptical leaves, respectively. In the second subclade, leaves are triangular to hastate in outline. The clade is characterized by leaf bases that are never deeply cordate, and by a corona that is fused for about half of its length and possesses pronounced staminal and interstaminal
